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BLOCKING FACTOR B TO TREAT 
COMPLEMENT-MEDIATED IMMUNE DISEASE 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 



The present invention relates to the field of complement-mediated autoimmune 
diseases. In particular, the present invention relates to the role of the alternative 
1 0 pathway in complement activation and specifically blocking Factor B to treat and 
prevent complement-mediated autoimmune diseases. 



BACKGROUND ART 



15 Activation of the alternative complement pathway is a first line of defense 

against microorganisms in the absence of specific complement fixing antibody (1-3). 
Complement Factor B (Bf) is one of the proteins required for activation of the 
alternative pathway. During activation of the alternative pathway, Bf binds to C3b on a 
pathogen surface and is cleaved to Ba and Bb by Factor D. Then, properdin binds to 

20 the C3bBb complex and stabilizes it. C3bBb complex is a C3 convertase and leads to 
the formation of more molecules of C3b resulting in activation of additional Bf setting 
up an amplification loop for activation of C3 (1-3). C3 activation also initiates the 
cascade of events that leads to immune complex formation. Formation of the C5 
convertase C3bBbC3b follows with activation of terminal complement components on 

25 the pathogen surface. This process leads to opsonization and direct damage of the 

pathogen (1-3). Factor B is encoded by a single gene in the MHC Class III gene cluster 
immediately 3 5 to the C2 gene; C2 is the functional homologue of Bf in the classical 
complement pathway (4, 5). 



30 



Factor B is produced by hepatocytes (6), phagocytes (7, 8), fibroblasts (9), 
epithelial cells (10), and endothelial cells (11). Bf is an acute phase reactant; therefore, 
serum levels of Bf increase during inflammation stimulated by cytokines, growth 
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factors, and bacterial products (1,5). Cis-elements responsible for the constitutive and 
regulated expression of Bf are located in the C2-Bf intergenic region (4). Factor B is 
not only a component of the alternative complement pathway, but also serves as a B 
cell growth factor (12, 13), stimulates mononuclear cell cytotoxicity (14, 15), induces 
5 macrophage spreading (16), and solubilizes immune complexes (ICs) (17-19). 
Although Factor B is found deposited in glomeruli in immune complex 
glomerulonephritis, Factor B has no known role in disease pathogenesis. 

In contrast, the classical pathway of the complement system has a known 
10 important role in immune complex glomerulonephritis. ICs depositing in the kidney 
activate the classical pathway, thus eliciting inflammation and tissue destruction (1,5, 
22). Furthermore, components of the classical complement pathway are important in 
humoral responses to foreign antigens, immune complex clearance, B cell tolerance, 
and disposition of apoptotic cells (23-27). Genetic deficiency of C3 and therapies 
15 directed at blocking C3 activity (e.g. Crry transgenic mice) prevent glomerular 

inflammation and tissue damage in murine models of induced glomerulonephritis (28- 
32). 

The present data show a profound effect of the Factor B deficient genotype on 
20 disease, and indicates that Factor B is indeed an important mediator of complement 

mediated disease. This is a novel and unexpected finding opening up a new therapeutic 
approach to the treatment of complement mediated diseases. 

Because of the limitations of present treatments for complement-mediated 
25 autoimmune diseases, there exists a great need to develop new therapies. The present 
invention overcomes previous limitations in the art by providing methods of blocking 
Factor B, antibodies directed against Factor B, peptides which block the receptors of 
Factor B and an oligonucleotide which inhibits synthesis of Factor B. 

30 SUMMARY OF THE INVENTION 



The present invention provides a method of treating or preventing Factor B- 
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3 

mediated immune disease in a subject, comprising administering to the subject an 
inhibitor of synthesis or activity of Factor B, whereby the inhibition of synthesis or 
activity of Factor B treats or prevents the immune disease. 

5 The present invention further provides an anti-sense oligonucleotide capable of 

hybridizing to the nucleic acid which encodes the protein, Factor B. 

The present invention also provides a peptide that mimics the binding properties 
of Factor B but lacks the ability to activate C3, whereby the binding of the peptide to 
10 C3 does not activate C3 and blocks the effects of Factor B on C3, thereby reducing 
formation and deposition of immune complexes in the subject. 

The present invention provides a method of determining the predisposition of a 
subject to a complement-mediated disease, comprising measuring the serum level and 
15 activity of Factor B, and correlating the amount of complement activation with the 
serum level of factor B. 

Further provided is a method of diagnosing a subject as having a Factor B- 
mediated immune disease, comprising measuring the serum level and activity of Factor 
20 B and determining the amount of complement activation. 

The present invention also provides a method of determining the efficacy of 
treatment in and prognosis of a subject with a Factor B-mediated immune disease, 
comprising measuring the serum level and activity of Factor B and determining the 
25 amount of complement activation. 

Further provided is a transgenic mouse, comprising a mutation in the Fas gene 
and a mutation in the gene producing Factor B. 

30 Moreover, the present invention provides a method of determining the efficacy 

of treatment in and prognosis of a subject with Factor B-mediated immune disease, 
comprising measuring the serum level and activity of C3 5 whereby a lower than normal 
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serum level of C3 indicates a poor prognosis and lack of efficacy of treatment, and 
whereby a rising serum level of C3 from a lower than normal level to a nearly normal 
level of C3 indicates efficacy of treatment and an improving prognosis. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 . Urinary protein excretion by MRL/lpr B-/-, B+/+, and B+/- mice. 
Data presented are the mean 24 hour protein excretion (mg/mouse/day) of 6 mice +/- 
standard error in each group. p<0.01 B+/- mice versus B-/- mice; p<0.05 B+/+ mice 
10 versus B-/- mice; p<0.05 B+/- mice versus B+/+ mice. 

Figure 2. Renal pathology of kidneys from MRL/lpr B-/-, B+/+, and B+/- mice. 
A) Data presented are the mean renal score +/- standard error in each group. There 
were no statistically significant differences between B-/- and other groups at the age of 

15 22 weeks (p=0.13). At the age of 44 weeks, there was a statistically significant 

difference between B-/- and B+/+ mice (p=0.04). B) H&E stain of a kidney from a 
MRL/lpr B-/- mouse demonstrating mild proliferation without inflammation or fibrosis 
(400X). C) PAS stain of a kidney from a B-/- demonstrating minimal glomerular PAS 
staining (400X). D) H&E stain of a kidney from a MRL/lpr B+/+ mouse with 

20 glomerular proliferation and sclerosis, (400x). E) PAS stain of a kidney from a B+/+ 
mouse demonstrating marked glomerular PAS staining with wire loop lesions. F) PAS 
stain of a kidney from an MRL/lpr B+/+ mouse demonstrating periarteriolar 
inflammation and vasculitis as well as glomerular proliferation and hypercellularity 
(lOOx). 

25 

Figure 3. Serum anti-dsCT DNA antibody levels. Data presented are the mean 
OD 380 +/- standard error at a 1/100 dilution in each group using dsCT DNA as 
antigen. p=0.019 versus B+/- mice. Titrations of sera are shown in the smaller panels. 
p=0.83 B-/- mice versus B+/+ mice. p=0.13 B-/- mice versus B+/+ mice. 

30 

Figure 4. IgG3 anti-IgG2a RF levels in MRL/lpr serum. Data shown are the 
mean 380 nm OD +/- standard error at 1/100 dilution of sera in each group. 
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Significantly lower levels of IgG3 anti-IgG2a RF levels were observed in serum from B- 
/- mice at the age of 20 weeks (p=0.003 between B-/- and B+/+, p=0.019 between B-/- 
and B+/-) and at the age of 24 weeks (+p=0.01 between B-/- and B+/+). The upper 
panel displays sera titrations. The titer of IgG3 anti-IgG2a RF in the serum of B+/- mice 
5 is decreased due to the death of mice by 24 weeks of age that had high titers of IgG3 
anti-IgG2a RF. 

Figure 5. IgG3 cryoglobulin levels in serum of MRL/lpr mice. Data shown are 
the mean serum IgG3 cryoglobulin levels ()ag/ml) +/- standard error in each group. 
10 Cryoglobulin IgG3 levels in serum of B-/- mice were significantly decreased at each 
time point. p<0.01 versus B+/+ mice. The level of IgG3 in the serum of B+/- mice was 
decreased due to the death of mice with severe disease by 24 weeks of age. 

DETAILED DESCRIPTION OF THE INVENTION 

15 

As used herein, "a" or "an" or "the" may mean one or more. For example, "a" 
cell may mean one cell or more than one cell. 

The present invention is based, at least in part, on the unexpected and surprising 
20 discovery that blocking the synthesis or activity of Factor B significantly reduced the 
incidence of Factor B-mediated immune disease in a subj ect. Thus, the present 
invention provides a new means for preventing and treating Factor B-mediated 
autoimmune disease in mammals, especially human beings. 

25 The present invention provides a method of treating or preventing complement- 

mediated immune disease in a subject, comprising administering to the subject an 
inhibitor of synthesis or activity of Factor B, whereby the inhibition of synthesis or 
activity of Factor B treats or prevents the immune disease. The immune disease treated 
in the present invention is mediated at least in part by the activation of Factor B in the 

30 alternative complement pathway. 
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There are many known complement-mediated immune diseases. In particular, 
Factor B may be instrumental in activating the following diseases: vasculitis, systemic 
lupus erythematosus, rheumatoid arthritis, myocardial infarction, ischemic/ reperfusion 
injury, cerebrovascular accident, Alzheimer's disease, transplantation rejection (xeno 
5 and alio), all antibody-mediated skin diseases, all antibody-mediated organ-specific 
diseases (including Type I and Type II diabetes mellitus, thyroiditis, idiopathic 
thrombocytopenic purpura and hemolytic anemia, and neuropathies), multiple sclerosis, 
cardiopulmonary bypass injury, membranoproliferative glomerulonephritis, polyarteritis 
nodosa, Henoch Schonlein purpura, serum sickness, Goodpasture's disease, systemic 
10 necrotizing vasculitis, post streptococcal glomerulonephritis, idiopathic pulmonary 
fibrosis (usual interstitial pneumonitis) and membranous glomerulonephritis. 

The present invention provides a method for contacting the subject with an 
antibody to Factor B, under conditions that permit the binding of the antibody to Factor 

15 B in the subject. This binding of the antibody to Factor B reduces the serum level or 
activity of Factor B, thereby reducing the amount of Factor B available to begin the 
cascade of events in the alternative complement pathway which enhances activation of 
the classical complement pathway. With less activation of the classical complement 
pathway, less inflammation occurs. Also, fewer immune complexes are formed which 

20 can be deposited in the organs, thereby decreasing the incidence of disease. 

The present invention also provides a method wherein the binding of antibody to 
Factor B reduces the activation of C3, thereby decreasing complement-induced 
inflammation. C3 is an enzyme in the complement cascade on which both the classical 
25 and alternative pathways act. This antibody may be monoclonal or polyclonal and may 
be produced by one of ordinary skill in the art. 

A purified monoclonal antibody that specifically binds and blocks Factor B is 
provided. A purified polyclonal antibody that specifically binds and blocks Factor B is 
30 also provided. The antibody can specifically bind a unique epitope of Factor B. The 
term "bind" means the well understood antigen/antibody binding as well as other 
nonrandom association with an antigen. "Specifically bind" as used herein describes an 
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antibody or other ligand that does not cross react substantially with any antigen other 
than the one specified, in this case, Factor B. "Blocks" as used herein means interferes 
with or prevents the action of." 

5 Factor B or an immunogenic fragment thereof can be injected into an animal in 

an amount and in intervals sufficient to elicit an immune response. Polyclonal 
antibodies can be purified directly, or spleen cells from the animal can be fused with an 
immortal cell line and screened for monoclonal antibody secretion. Thus, purified 
monospecific polyclonal antibodies that specifically bind the antigen are within the 
10 scope of the present invention. 

The present invention further provides a composition comprising an antibody to 
Factor B in a pharmaceutically acceptable carrier. The antibody can be administered to 
a subject by parenteral administration. As used herein, "parenteral administration" 

15 includes intradermal, subcutaneous, intramuscular, intraperitoneal, intravenous and 
intratracheal routes. A more recently revised approach for parenteral administration 
involves use of a slow release or sustained release system such that a constant dosage is 
maintained. See, e.g., U.S. Patent No. 3,610,795, which is incorporated by reference 
herein. To determine the dosage of the composition to be used in treating Factor B- 

20 mediated immune disease, a person of skill in the art would infuse the antibody into a 
subject after first determining the level of Factor B in the serum of the subject. The 
dosage in mg/Kg would be based on that amount of antibody necessary to eliminate 
Factor B from the serum and the activity of Factor B in the serum. 

25 The efficacy of treatment with an anti-Factor B antibody is confirmed in a 

murine model of Factor B-mediated glomerulonephritis, that is accepted in this field as 
representative of human glomerulonephritis. A fall in the serum level of Factor B and a 
rise in the serum levels of C3 and C4, as well as a decrease in the amount of protein 
excreted in the urine of the subject, indicate that the antibody has bound to Factor B and 

30 eliminated the activity of Factor B in the complement system. 
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The present invention also provides a method of blocking Factor B comprising 
administering an anti-sense oligonucleotide to block the synthesis of Factor B in a cell of 
the subject in vivo. The anti-sense oligonucleotide interferes with the mRNA necessary 
for the synthesis of Factor B in the cell and reduces the serum level of Factor B, thereby 
5 reducing formation and deposition of immune complexes in the subject. Moreover, the 
reduction of the serum level of Factor B decreases the level of activation of C3 in the 
classical complement pathway, thereby reducing the incidence of complement-mediated 
inflammation and immune disease. 

10 Further, the present invention provides an anti-sense oligonucleotide capable of 

hybridizing to an mRNA encoded by the Factor B coding sequence (49). Antisense 
technology is well known in the art and describes a mechanism whereby a nucleic acid 
comprising a nucleotide sequence which is in a complementary, "antisense" orientation 
with respect to a coding or "sense" sequence of an endogenous gene is introduced into a 

15 cell, whereby a duplex forms between the antisense sequence and its complementary 
sense sequence. The formation of this duplex results in inactivation of the endogenous 
gene. Antisense nucleic acids can be produced for any endogenous gene for which the 
coding sequence has been or can be determined according to well known methods. 

20 Antisense nucleic acids can inhibit gene expression by forming an RNA/RNA 

duplex between the antisense RNA and the RNA transcribed from a target gene. The 
precise mechanism by which this duplex formation decreases the production of the 
protein encoded by the endogenous gene most likely involves binding of complementary 
regions of the normal sense mRNA and the antisense RNA strand with duplex formation 

25 in a manner that blocks RNA processing and translation. Alternative mechanisms 
include the formation of a triplex between the antisense RNA and duplex DNA or the 
formation of a DNA-RNA duplex with subsequent degradation of DNA-RNA hybrids by 
RNAse H. Furthermore, an antisense effect can result from certain DNA-based 
oligonucleotides via triple-helix formation between the oligomer and double-stranded 

30 DNA which results in the repression of gene transcription. 
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An expression construct including a vector may be used to introduce a nucleic 
acid encoding the anti-sense oligonucleotide into a cell of the subject. The exact 
method of introducing the nucleic acid into mammalian cells is, of course, not limited to 
the use of adenoviral vectors. Other vector systems can be utilized in this invention 
5 including the retroviral vector system which can package a recombinant retroviral 
genome. The recombinant retrovirus can then be used to infect and thereby deliver 
nucleic acid to the infected cells. Other techniques are widely available for this 
procedure including the use of adeno-associated viral (AAV) vectors, recombinant 
herpes virus (HSV), lentiviral vectors, pseudotyped retroviral vectors, and pox virus 
10 vectors, such as vaccinia virus vectors. Physical transduction techniques can also be 
used, such as liposome delivery and receptor-mediated and other endocytosis 
mechanism. This invention can be used in conjunction with any of these or other 
commonly used gene transfer methods. The present invention further provides a vector 
in a composition comprising a pharmaceutically acceptable carrier. 

15 

Delivery of the nucleic acid or vector to cells can be via a variety of mechanisms. 
As one example, delivery can be via a liposome, using commercially available liposome 
preparations such as LIPOFECTIN, LIPOFECTAMINE (GIBCO-BRL, Inc., 
Gaithersburg, MD), SUPERFECT (Qiagen, Inc. Hilden, Germany) and 
20 TRANSFECTAM (Promega Biotec, Inc., Madison, WI), as well as other liposomes 
developed according to procedures standard in the art. In addition, the nucleic acid or 
vector of this invention can be delivered in vivo by electroporation, the technology for 
which is available from Genetronics, Inc. (San Diego, CA) as well as by means of a 
SONOPORATION machine (ImaRx Pharmaceutical Corp., Tucson, AZ). 

25 

The present invention provides a peptide that mimics the binding properties of 
Factor B but lacks the ability to activate C3, whereby the binding of the peptide to C3 
does not activate C3 and blocks the effects of Factor B on C3, thereby reducing 
formation and deposition of immune complexes in the subject. The peptide of the 
30 present invention may bind the same region of C3 to which Factor B normally binds or 
any other region of C3, whereby the binding of the peptide to C3 blocks the binding of 
Factor B to C3. Therefore, the peptide can comprise the sequence of amino acids of the 



WO 00/21559 



PCI7US99/23485 



10 



known Factor B sequence that is known to interact with or bind C3. Moreover, a peptide 
may bind to Factor B in that region of Factor B which binds to C3, thereby blocking 
Factor B from binding to and activating C3. This sequence can correspond to the region 
of amino acids of C3 that interact or bind to Factor B. 

5 

Moreover, the present invention provides a method for blocking the effect of 
Factor B on C3, comprising administering to a subject a peptide that mimics the binding 
properties of Factor B but lacks the ability to activate C3. The binding of the peptide to 
C3 does not activate C3 and competitively blocks the effects of Factor B on C3 5 thereby 
10 reducing formation and deposition of immune complexes in the subject. Moreover, the 
peptide binding to C3 blocks activation of C3, thereby decreasing complement-mediated 
inflammation and immune disease. 



The present invention provides a composition comprising a peptide which binds 
15 C3 and a pharmaceutically acceptable carrier. The composition can be administered 
parenterally, including but not limited to intravenously, intramuscularly and 
intraperitoneally. 

Further, the present invention provides an isolated nucleic acid encoding the 
20 peptide which binds but does not activate C3. Moreover, a vector comprising the nucleic 
acid encoding the peptide is provided. The vector can be a commercially available 
preparation or can be constructed in the laboratory according to methods well known in 
the art. This vector may be in a cell in vivo or ex vivo. The present invention also 
provides a composition comprising the vector and a pharmaceutically acceptable carrier. 

25 

Moreover, the present invention provides a method of determining the 
predisposition of a subject to Factor B-mediated immune disease, comprising measuring 
the serum level and activity of Factor B and determining the amount of complement 
activation. A higher than normal level of Factor B indicates complement-mediated 
30 immune disease and active inflammation. 
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The present invention also provides a method of diagnosing a subject as having 
Factor B-mediated immune disease, comprising measuring the level of anti-DNA 
antibody in the serum of the subject. A higher than normal level of anti-DNA antibody 
indicates complement-mediated immune disease and active inflammation. Anti-DNA 
5 antibody can be measured in the serum according to the methods taught in the Examples. 

Factor B can be measured in the serum by the method taught in the Examples. 
Serum levels of Factor B can be measured in a population of subjects in whom there is 
no sign of complement-mediated immune disease to determine a normal range of values. 

10 With the same method, a person skilled in the art can measure the serum level of Factor 
B in a subject with signs of complement-mediated immune disease to determine an 
abnormal range of values. A higher than normal level of Factor B in a subject would 
indicate the presence of inflammation and complement-mediated immune disease. 
Likewise, a cohort can be followed over the long term to identify sub ranges measured 

15 within the apparently normal population that predict progression to a diseased state. 

The present invention also provides a method of determining the efficacy of 
treatment in and prognosis of a subject with complement-mediated immune disease, 
comprising measuring the serum level and activity of Factor B and determining the 
20 amount of complement activation. As treatment progresses, the clinician would expect a 
higher than normal serum level of Factor B to fall to a nearly normal level, if the 
treatment is effective. Absence of a fall in the serum level of Factor B would indicate 
lack of efficacy of a therapeutic regimen and continued activation of complement with 
continuing deposition of immune complexes. 

25 

The present invention also provides a transgenic mouse comprising a mutation in 
the Fas gene and a mutation in the gene producing Factor B. This mutant mouse is the 
MRL-lpr Factor B knockout mouse. 

30 The present invention provides a method of determining the efficacy of treatment 

in and prognosis of a subject with Factor B-activated complement-mediated immune 
disease, comprising measuring the serum level and activity of C3, whereby a lower than 
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normal serum level of C3 indicates a poor prognosis and lack of efficacy of treatment, 
and whereby a rising serum level of C3 from a lower than normal level to a nearly 
normal level of C3 indicates efficacy of treatment and an improving prognosis. The 
method of measuring the serum level of C3 is taught in the Examples. Moreover, C5A 
5 and membrane attack complexes can be measured to monitor the efficacy of treatment in 
accordance with methods known to a person of skill in the art. 

The present invention is more particularly described in the following examples 
which are intended as illustrative only since numerous modifications and variations 
10 therein will be apparent to those skilled in the art. 



EXAMPLES 



Factor B deficient mice: Factor B deficient mice were derived as previously 
15 described (36). B6/129 B+A mice were intercrossed for 4 generations to yield the B-/- 
mice used in these studies. A B6/129 intercross B-/- female was bred to an MRL/lpr 
male. Offspring of this mating were further backcrossed for 3 generations to MRL/lpr 
mice. B+/- backcross 4 mice were bred to yield the mice used in this study. Eleven B-/-, 
fourteen B+/+ and ten B+A mice were included in this study. Mice were maintained in 
20 the animal facility of Washington University and the Strom Thurmond Biomedical 

Research Building at MUSC under specific pathogen free conditions. Routine screening 
of the mice for murine pathogens was negative. 

Genotypic Identification of the mice by PCR: Primers for PCR reactions for Bf 
25 were as follows: W1398 (5 5 ; Bf) 5' CCGAAGCATTCCTATCCTCC-3' (SEQ ID NO:l), 

W1399 (5'; Neo) 5'-CGAATGG GTGACCGCTTCC-3' (SEQ ID NO:2), W1393 (3'; 

Bf) 5 '-GTAGTCTTGTCTGCTTTCTCC-3 ' (SEQ ID NO:3). DNA was isolated from 

tail snips (3-4 week old mice) using a QIAamp Tissue Kit (QIAGEN, Santa Clarita, CA). 

PCR was performed by adding 2ml of DNA (ljig) into a 23\x\ reaction mixture 
30 containing 1.5mM of MgC12, 6.7 \iM each of oligonucleotide mix, lOmM each of dNTP 

mix, and 0.2ml of Taq Gold. PCR conditions were as follows: 94*C for 4 min.; 28 
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cycles of 94°C for 1 min., 68°C for 1 min., and 72°C for 2 min; 72°C for 10 min. 
Following PCR amplification, samples were electrophoresed in a 2% agarose gel and 
visualized by ethidium bromide staining. 

5 Primers for PCR reactions for Fas were as follows: Fas A (5'-AGGTTAC 

AAAAGGTCACCC-3 ') (SEQ ID NO:4), Fas B (5'- 
GATACGAAGATCCTTTCCTGTG-3 ') (SEQ ID NO:5), and Fas C (5' 
C AAACGC AGTCAAATCTGCTC-3 ' ) (SEQ ID NO:6). In brief, individual genomic 
tail DNA was isolated and used in PCR. PCR conditions were as follows: 94°C for 10 
10 min.; 40 cycle of 94°C for 1 min., 50°C for 1 min., and 72°C for 1 min; 72°C for 10 min. 
Following PCR amplification, samples were electrophoresed in a 2% agarose gel and 
visualized by ethidium bromide staining. 

H2- H2 of the mice was determined by flow cytometric analysis of splenic 
15 mononuclear cells. Single cell suspensions were derived and stained with FITC labeled 
anti-H2D k (monoclonal antibody KH95) or anti-H2D b (monoclonal antibody 15-5-5, 
Pharmingen, San Diego, CA). FITC labeled isotype control antibodies were used to 
eliminate non-specific staining as a variable. Samples were analyzed on a Becton 
Dickinson FACSTAR machine and results analyzed using CellQuest software (Becton 
20 Dickinson). 

To confirm the H2 genotype using probes for MHC Class II expression, PCR 
RFLP analysis was performed using the techniques of Peng and Craft specifically 
designed to differentiate H2 k and H2 b (37). Briefly, tail DNA was amplified using the 

25 primers IAAIF 5 ' GAAGACGACAT TGAGGCCGACCACGTAGGC 3 ' (SEQ ID 
NO:7) and IAAIR 5' ATTGGTAGCTGGGGTGGAATTTG ACCTCTT 3' (SEQ ID 
NO:8). PCR was performed with a 12 minute denaturation step of 94°C followed by 
cycles of 94°C for 20 sec, 60°C for 1 minute and 72°C for 1 minute with a final extension 
of 10 minutes at 72°C. The resultant PCR product was cut with Hind III and run in an 

30 agarose gel. Amplified DNA of the H2 k genotype is cut while DNA of the H2 b genotype 
is not allowing differentiation on agarose gel electrophoresis. 
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Urine protein excretion: Mice were placed in metabolic cages for 24 hour urine 
collection. To prevent bacterial growth, antibiotics (ampicillin, gentamicin, and 
chloramphenicol) were added to collection tubes. Urinary protein excretion was 
determined using the BioRad protein assay kit according to the manufacturer's 
5 instructions (BioRad, Hercules, CA) and reported as mg of protein/mouse/day. 

Measurement of anti-DNA antibody: Anti-DNA levels were measured by ELISA 
as previously described (38). Briefly, 96 well ELISA plates were coated with 5p,g/ml of 
double stranded calf thymus DNA (dsDNA) at 37°C overnight. The plates were then 

10 washed with PBS 0.05% tween (PBS-T). Sera were added in serial dilutions starting at a 
1/100 dilution to each well, and incubated for 45 min at room temperature (RT). After 
washing with PBS-T, horse radish peroxidase (HRP) conjugated goat anti-mouse IgG (y- 
chain specific, Sigma Chemical Co., St. Louis, MO) was added and incubated for 45 
min. After additional washing, substrate solution containing 3, 3', 5, 5' 

15 tetramethylbenzidene (TMB, Sigma, St. Louis, MO) was added in 0.1 M citrate buffer pH 
4 and 0.015% H202. After incubation for 30 min, OD 380 absorption was determined 
on a Flow microtiter plate reader (Dynatech, Mclean, VA). Results are shown as the OD 
380 absorbance at a 1/100 dilution. dsDNA was derived by SI nuclease (Sigma, St. 
Louis, MO) treatment. 

20 

Isolation of cryoglobulins from sera: Cryoglobulins were isolated from sera as 
previously described (39). Briefly, blood samples were placed at 37°C for 2 hours. 
After centrifugation at 1000 rpm, supematants were collected and placed at 4°C for 72 
hours. They were then centrifuged at 3000 rpm, supematants removed, and precipitates 
25 washed 5 times with cold PBS. After washing, they were resuspended in PBS at the 
same volume as the original sera. The isolated cryoglobulins were placed at 37°C for 3 
hours before use. 



30 



Total Ig: Total IgG levels in sera or in cryoglobulins were determined by ELISA 
using a standard curve of known concentrations of mouse IgG. Cryoglobulins were 
placed at 37°C for 3 hours before use. ELISA plates were coated with l|Lig/ml anti- 
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mouse k overnight at 4°C. Sera or cryoglobulins were added in serial dilutions starting 
at a 1/1000 dilution. HRP conjugated goat anti-mouse IgG (y-specific, Sigma, St. Louis, 
MO) was added, followed by TMB for color development. OD380 absorbance was 
measured as above. The same method was used for measurement of serum Ig isotype 
5 levels and total Ig in serum and in cryoglobulins except HRP goat anti -mouse IgG3, 
IgGl, or IgG2a, or HRP goat anti-mouse H & L chain were used (Southern 
Biotechnology, Birmingham, AL). 

Measurement of circulating immune complexes: Circulating immune complexes 
10 were determined by the Clq ELISA method as previously described with minor 
modifications (40). ELISA plates were coated with human Clq in 0.1M Carbonate 
buffer (pH 9.6) and incubated for 48 hours at 4°C. After washing with PBS, PBS-1% 
BSA was added to each well and incubated for 2 hours at RT. EDTA treated sera 
samples (diluted 1/50) were added in duplicate, then incubated for lh at RT and then 
15 overnight at 4°C. HRP anti-mouse IgG (y chain specific, Sigma) was added in PBS-T. 
The rest of the assay was performed as described above. Aggregated human y globulin 
was used as a positive control. 

Rheumatoid factor: Rheumatoid factor (RF) levels in sera were measured by 
20 ELISA as previously described (33). ELISA plates were coated with rabbit IgG 

overnight at 4°C. After washing, sera were added in serial dilution starting at 1/100 
dilution. The assay was then performed as described above using HRP conjugated goat 
anti-mouse IgG (y chain specific, Sigma) or goat anti-mouse IgM (Sigma). For the 
measurement of IgG3 anti-IgG2a RF, the same method was used except ELISA plates 
25 were coated with mouse IgG2a and HRP anti-mouse IgG3 was used for detection of RF 
activity. 

Measurement of C3 levels in sera: C3 levels in sera were measured by ELISA. 
96 well ELISA plates were coated with goat anti-mouse C3 (Cappel, Durham, NC) and 
30 incubated overnight at 4°C. After washing and blocking with 5% BSA in PBS for l-2h, 
samples diluted 1/200, 1/1000, 1/5000 and 1/25000 were added to individual wells, and 
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incubated for l-2h at RT. After washing, rat anti-mouse C3 monoclonal antibody 
(RmCl 1H9) was added and incubated for lh at RT (28). Peroxidase conjugated anti-rat 
IgG was added, then incubated for lh at RT. ImM ATBS in 0. 1M citric acid buffer and 
0.03% H202 was added for color development. The plates were read on an ELISA 
5 reader at OD 405. 

Measurement of Bf levels in sera: Factor B levels were measured by ELISA. 
ELISA plates were coated with goat anti-human Factor B IgG fraction (DiaSorin, 
Stillwater, MN) overnight at 4°C. Sera diluted to 1/100, l/200,and 1/400 were added to 
10 individual wells. Biotinylated anti-human Bf antibody (Diasorin) was added followed 
by avidin-peroxidase. TMB was added for color development. After incubation for 30 
min, OD 380 absorption was determined. 

Pathology: At the time of sacrifice (22 and 44 weeks), the kidneys were 
15 removed. One kidney was fixed with formaldehyde, embedded in paraffin, then 

sectioned before staining with hematoxylin and eosin (H&E) and PAS. The slides were 
read and interpreted in a blinded fashion grading the kidneys for glomerular 
inflammation, proliferation, crescent formation, and necrosis. Interstitial changes and 
vasculitis were also noted. Scores from 0-3 were assigned for each of these features and 
20 then added together to yield a final renal score (33). For example, glomerular 

inflammation was graded 0-normal, 1-few inflammatory cells, 2-moderate inflammation, 
3-severe inflammation. The other kidney was snap frozen in liquid nitrogen and placed 
in OCT medium. 4um thick frozen sections were stained with fluorescein conjugated 
anti mouse IgG, IgM, IgA, IgG3 or C3 (Cappel, Durham, NC). Slides were read in a 
25 blinded fashion and graded 0-3+ (1+ mild, 2+ moderate, 3+ high staining). 

Statistics: Statistical values were determined by using the Mann- Whitney two 
tailed U test or Kruskal-Wallis test, p <0.05 was considered significant. 

30 Phenotype of the mice: To determine the role of Bf in autoimmune nephritis, Bf 

knock out mice were backcrossed for 4 generations to MRL/lpr mice. The genotype of 
the mice was determined by PCR for Bf and fas. The percentage of offspring in the 
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litters derived were consistent with the predicted outcome, i.e. approximately 25% of 
pups were either homozygous knockout (B-A, n=l 1) or wildtype (B+/+, n=14) while 
50% were heterozygous for B- (n— 20). Ten B+A mice were randomly selected as the 
study mice. There were no differences in spleen weight or body weight between groups 
5 at 22 or 44 weeks of age (data not shown). By gross examination at the time of sacrifice, 
100% of female B+/+ mice (7/7) had an excoriated skin rash on the shoulder area as well 
as tail and ear necrosis; 1/7 male B+/+ mice had ear and tail necrosis. Neither skin rash 
nor appendage necrosis was observed in B-A or B+A mice. 

H2: To assess the MHC expression by each group, H2 expression of splenocytes was 
10 assessed by FITC staining and flow cytometry analysis. The MRL/lpr Bf deficient mice 
were H2D b . the Bf heterozygotes H2D bk . and the wildtype mice were H2D k . PCR RFLP 
analysis of MHC Class II expression confirmed the H2 haplotvpe of the mice with the B- 
A mice beine H2 b , B+/- mice were H2 b/k and the B+/+ mice were H2 k . 

1 5 Bf levels in sera: Bf levels in sera were measured by ELISA when the mice were 

22 weeks of age. As shown in Table 1, no Bf was detected in the sera of B-A mice 
confirming that the phenotype of the mice matched the genotype. Serum Bf levels of 
B+/+ mice were significantly higher than that of B+/- mice (p<0.05) indicating a gene 
dose effect on serum Bf levels. 

20 

Urinary protein excretion: To assess the role of Bf in autoimmune nephritis, 24 
hour urine protein excretion was measured beginning at 12 weeks of age. As shown in 
Figure 1, there was a statistically significant difference in proteinuria comparing B+A 
mice after 20 weeks of age (p<0.05) to both B+/+ mice and B-/- mice indicating the 
25 development of early severe disease in the heterozygous mice. The B+/+ mice 

developed increasing proteinuria after 26 weeks of age that was significantly greater than 
the B-A mice (p<_0.05). Even at 44 weeks of age, B-A mice still had not developed 
proteinuria >1 mg/mouse/day (data not shown). 

30 Renal score: A group of mice were sacrificed at the age of 22 weeks (5 B-A, 7 

B+/+, and 3 B+A mice) and pathologic renal scores were determined using a previously 
published scale for glomerular inflammation (33). The remaining B+/+ and B-A mice 
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were sacrificed at 44 weeks (all B+/- mice died prior to 44 weeks). As shown in Figure 
2A, Bf deficient mice had lower renal scores than the mice in the other groups at both 22 
and 44 weeks. The renal abnormalities in the MRL/lpr B-/- mice consisted of focal 
glomerular hypercellularity without significant infiltrate of inflammatory cells (Figure 
5 2B). Glomerular wire loop lesions, immune complex deposition, and glomerular 

hyalinization, as determined by intensity of PAS staining, were minimally present in the 
B-/- mice (Figure 2C). Renal findings in the MRL/lpr B+/- (data not shown) and B+/+ 
mice included diffuse glomerular hypercellularity, wire loop lesions, mesangial 
expansion, crescent formation, fibrinoid necrosis, glomerular hyalinization and 

10 infiltration of inflammatory cells (Figure 2D, 2E). The difference in renal scores in the 
B-/- compared to the other 2 groups at 22 weeks was not statistically significant (p=0.13) 
due to severe disease in one male B-/- mouse whose renal score was similar to that seen 
in the other two groups. The renal score of this mouse was included in the overall score 
and statistical analysis even though it exceeded the mean of the scores of the other B-/- 

15 mice by 6 standard deviations. To insure this mouse had been genotyped correctly, 
spleen DNA was amplified and results of the PCR amplification confirmed the B-/- 
genotype of the mouse. If the score for this mouse is excluded, the difference in renal 
score between the B-/- mice and either of the other two groups was significant at p<0.01. 
The difference in renal scores between the B-/- mice and B+/+ mice was significant at 44 

20 weeks (p=0.04). 

Immunofluorescence analysis: To determine the effects of Bf genotypes on 
glomerular IC deposition, immunofluorescence analysis was performed. Frozen sections 
were stained with fluorescein conjugated anti-mouse C3, IgG, IgG3, IgM, and IgA. C3, 

25 IgM, and IgA deposition were similar in all groups with no apparent qualitative or 

quantitative differences (data not shown). Glomerular IgG3 deposition was minimal in 
all three groups. There was, however, significantly less IgG deposition in B-/- compared 
to B+/+ mice (p<0.05, Table 2). IgG deposition in the kidneys of B-A mice was also less 
than in the B+/- mice; the difference, however, did not reach statistical significance 

30 (Table 2). 
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Vasculitis: Medium to large vessel vasculitis is a pathologic feature of renal 
disease in MRL/lpr mice (41). At the age of 22 weeks, of the five B-/- mice examined, 
only the male B-/- mouse with severe renal disease had vasculitis (1/5). 50% of female 
B+/+ mice (2/4) had vasculitis as illustrated in Figure 2F, while no vasculitis was present 
5 in male B+/+ mice (0/3). In the B+/- mice, 1/3 of the mice had vasculitis; all three B+A 
mice studied were females. At the age of 44 weeks, 100% of female B+/+ mice had 
vasculitis (3/3). There was no vasculitis in male B+/+ mice (0/4) nor vasculitis observed 
in the 6 B-/- mice (3 males and 3 females). These data indicate a greater incidence of 
vasculitis in the B+/+ mice than in the B-/- mice (overall 1/1 1 B-/- mice had vasculitis 
10 compared to 5/14 B+/+ mice). This difference in incidence of vasculitis was especially 
evident in female mice where 0/6 female B-/- mice had vasculitis compared to 5/7 
female B+/+ mice (p<0.01). The presence of renal vasculitis in the female B+/+ mice 
paralleled the vasculitis induced ear and tail necrosis present also primarily in the female 
B+/+ mice. 

15 

Measurement of serum anti-DNA antibody activity: To investigate possible 
mechanisms for the modulation of renal disease in the B-/- mice, levels of autoantibodies 
implicated in disease pathogenesis were measured. Anti-DNA antibodies are pathogenic 
in the autoimmune nephritis that develops in MRL/lpr mice (33). Anti-dsCT DNA 

20 antibodies in serum were measured by ELISA. As shown in Figure 3, serum anti-dsCT 
DNA antibody levels were lower at 16 weeks of age in B-/- mice compared to the other 
two groups (p=0.02). However, by 20 weeks and thereafter, the serum anti-DNA levels 
were not significantly different between the groups out to 44 weeks of age. Serum anti- 
glomerular binding activity, as measured by ELISA, paralleled anti-DNA activity with 

25 lower serum levels at 16 weeks in the B-/- mice that equilibrated between the groups 
over time (data not shown). 

Measurement of RF: To assess the effect of Factor B on the production of other 
autoantibodies in the B-/- mice, serum RF activity was measured by ELISA. There were 
30 no detectable differences between the groups in production of total IgM RF or IgG RF 
(data not shown). However, as presented in Figure 4, significantly lower levels of IgG3 
anti-IgG2a RF, a specificity linked with vasculitis in these mice, were present in the sera 
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of B-/- mice at the age of 20 weeks than in sera of the other 2 groups (41, 42). These 
differences were maintained through 44 weeks. 

Immunoglobulin levels in sera or in cryoglobulins: MRL/lpr renal disease and 
5 vasculitis has been linked with IgG3 cryoglobulin production (41-44). To determine if 
the Bf genotype affected Ig or cryoglobulin production, total serum immunoglobulin 
levels and IgG3 cryoglobulin levels were measured by ELISA. Total IgG levels were 
similar at all time points in all 3 groups (data not shown), however, significantly higher 
levels of serum IgG3 and IgG3 cryoglobulins were present in the B+/- and B+/+ mice 
10 compared to the B-/- mice (Table 3, Figure 5). Serum levels of all other IgG isotypes 
were not statistically different between the 3 groups (data not shown). 

C3 levels in sera: To determine the effects of a lack of Bf on serum C3 levels, 
C3 levels were determined by ELISA at the ages of 16, 20, and 24 weeks in all three 

15 groups. As shown in Table 4, serum C3 levels in the B-/- mice were equivalent to levels 
in normal C57BL6 mice and were significantly higher than serum C3 levels in the other 
two groups. Levels of serum C3 in the B-/- mice decreased over time suggesting some 
activation of C3, but were still significantly higher than the B+/+ mice even at 44 weeks 
of age (data not shown). These data indicate an unexpected significant role for Bf and 

20 the alternative pathway amplification loop in the consumption of C3 in this murine 
model of immune complex renal disease. 

Circulating Immune Complexes: To assay for effects of Bf on clearance of 
circulating ICs, CIC were measured by ELISA using the CI q binding assay. There were 
25 no differences in sera CIC between groups at any time point (data not shown). 

Treatment: To treat a subject with Factor B-mediated immune disease, the anti- 
Factor B antibody of the invention is administered parenterally, preferably intravenously, 
in a dosage determined in accordance with the method of the present invention. An 
30 effective dosage of the antibody is that dosage required to eliminate Factor B from the 
serum of the subject and to eliminate the activity of Factor B in the serum 
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In addition to monitoring serum Factor B levels, the subject's vital signs, 
complete blood count, volume of urine output and urinary protein excretion are routinely 
monitored to follow the progress of treatment. Specifically, the subject is monitored for 
blood pressure changes that may accompany kidney disease. One sign of efficacy of 
5 treatment is lowering of the subject's elevated blood pressure. Moreover, the subject's 
red blood cell count and hematocrit are monitored to determine whether the treatment is 
having a beneficial effect on erythropoiesis. Because subjects with complement- 
mediated glomerulonephritis are often anemic, a rise in the red blood cell count and 
hematocrit indicate the efficacy of treatment. Further, 24-hour urinary protein excretion 
10 is measured, and a decrease in protein excretion in the urine indicates efficacy of 

treatment. As kidney function improves, the subject's weight decreases as edema fluid is 
excreted. 

Table 1. Sera fB levels in MRL/lpr mice 

15 



group (n) 


fB levels in sera (OD 380) 


B-/- (5) 


0 


B+/+ (7) 


0.628 +- 0.04 


B+/- (5) 


0.444 +/- 0.04 



20 

Sera fB levels in B-/-, B+/+, and B+/- mice. Data presented are the mean OD 380 +/- 
standard error at 1/100 dilution of sera in each group at the age of 20 weeks. No fB was 
detected in sera of B-/- mice. fB levels in sera of B+/+ mice were significantly higher 
than that of B+/- mice (p=0.05 between B+/+ and B+/- mice). 

25 



Table 2. Immunohistology 



group (n) 


glomerular IgG deposition 


B-/-(4) 


0.88+/- 0.13 


B+/+ (7) 


1.70+/- 0.29* 


B+/- (3) 


1.33 +/- 0.70 



Grade of immunofluorescence in B-/-, B+/+, and B+/- mice at 22 weeks of age. Data 
35 shown are the mean +/- standard error of the grade of immunofluorescence. Less IgG 
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deposition was observed in B-/- mice than in the other groups. *p<0.05 B+/+ mice 
versus B-/- mice. 



5 

Table 3. Sera IgG3 levels (mg/ml) 



group (n) 


sera IgG3 levels 


B-/-(7) 


0.9 +/- 0.32 


B+/+ (9) 


2.9 +/- 0.53* 


B+/- (5) 


4.9 +/- 1.25* 


MRL/lpr(ll) 


4.2+/- 0.81* 



Sera IgG3 levels in B-/- ? B+/+, B+/-, and MRL/lpr mice. Known concentrations of 
15 mouse IgG3 were used as a standard. Data shown are the mean IgG3 level (mg/ml) +/- 
standard error in each group at the age of 20 weeks. Sera IgG3 levels in B-/- were lower 
than the other groups. *p<0.05 versus B-/- mice. 



20 

Table 4. C3 levels (mg/ml) in sera of MRL/lpr mice. 



group 


16 weeks 


20 weeks 


24 weeks 


B-/- 


1.46+/- 0.31 (n=5) 


1.80+/- 0.23 (n=5) 


1.10+/- 0.34 (n=6) 


B+/+ 


0.60 +/- 0.09 (n=4)* 


0.21 +/- 0.02 (n=7)* 


0.08 +/- 0.05 (n=7)* 


B+/- 


1.00+/- 0.14 (n=5)* 


0.26 +/- 0.08 (n=6)* 


0.48 +/- 0.07 (n=4)* 


B6 


1.54+/- 0.18 (n=4) 


ND 


ND 



Sera C3 levels in B-/-, B+/+, and B+/- mice. Data presented are the mean C3 level 
30 (mg/ml) +/- standard error. In B-/- mice, C3 levels were significantly higher than the 
other groups at all time points. *p<0.05 versus B-/- mice. ND: not determined. 

Although the present process has been described with reference to specific details 
of certain embodiments thereof, it is not intended that such details should be regarded as 
35 limitations upon the scope of the invention except as and to the extent that they are 
included in the accompanying claims. 
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Throughout this application, various publications are referenced. The disclosures 
of these publications in their entireties are hereby incorporated by reference into this 
application in order to more fully describe the state of the art to which this invention 
pertains. 
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What is claimed is: 

1 . A method of treating or preventing Factor B-mediated immune disease in a 
subject, comprising administering to the subject an inhibitor of synthesis or activity of 
Factor B, whereby the inhibition of synthesis or activity of Factor B treats or prevents 
the immune disease. 

2. The method of claim 1, wherein the complement-mediated immune disease is 
selected from a group consisting of vasculitis, systemic lupus erythematosus, rheumatoid 
arthritis, myocardial infarction, ischemic/ reperfusion injury, cerebrovascular accident, 
Alzheimer's disease, transplantation rejection (xeno and alio), all antibody-mediated skin 
diseases, all antibody-mediated organ-specific diseases (including Type I and Type II 
diabetes mellitus, thyroiditis, idiopathic thrombocytopenic purpura and hemolytic 
anemia, and neuropathies), multiple sclerosis, cardiopulmonary bypass injury, 
membranoproliferative glomerulonephritis, polyarteritis nodosa, Henoch Schonlein 
purpura, serum sickness, Goodpasture's disease, systemic necrotizing vasculitis, post 
streptococcal glomerulonephritis, idiopathic pulmonary fibrosis (usual interstitial 
pneumonitis) and membranous glomerulonephritis. 

3. The method of claim 1, wherein the subject is a mammal. 

4. The method of claim 1, wherein the subject is a human. 

5. The method of claim 1, comprising contacting the subject with an antibody to 
Factor B, under conditions that permit the binding of the antibody to Factor B in the 
subject, whereby the binding of the antibody to Factor B reduces the serum level or 
activity of Factor B, thereby reducing formation and deposition of immune complexes in 
the subject. 

6. The method of claim 5, wherein the antibody is monoclonal that blocks Factor B 
activity. 
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7. The method of claim 5, wherein the antibody is purified polyclonal. 

8. A composition comprising an anti-Factor B antibody and a pharmaceutically 
acceptable carrier. 

9. The method of claim 1, wherein the inhibitor of synthesis or activity of Factor B 
is a nucleic acid that encodes an anti-sense oligonucleotide which blocks the synthesis of 
Factor B, whereby blocking the synthesis of Factor B in the subject reduces the serum 
level and activity of Factor B, thereby reducing formation and deposition of immune 
complexes in the subject. 

10. An anti-sense oligonucleotide capable of hybridizing to the mRNA that encodes 
Factor B. 

11. A vector comprising the oligonucleotide of claim 1 0. 

12. A composition comprising the vector of claim 1 1 and a pharmaceutically 
acceptable carrier. 

13. The method of claim 1, wherein the inhibitor of synthesis or activity of Factor B 
is a peptide that mimics the binding properties of Factor B for Factor D but lacks the 
ability to activate C3, whereby the binding of the peptide to C3 does not activate C3 and 
blocks the effects of Factor B on C3, thereby reducing formation and deposition of 
immune complexes in the subject. 

14. A peptide that mimics the binding properties of Factor B but lacks the ability to 
activate C3, whereby the binding of the peptide to C3 does not activate C3 and blocks 
the effects of Factor B on C3> thereby reducing formation and deposition of immune 
complexes in the subject. 

15. A composition comprising the peptide of claim 14 and a pharmaceutically 
acceptable carrier. 
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16. A method of diagnosing a subject as having a Factor B-mediated immune 
disease, comprising measuring the serum level and activity of Factor B in the subject or 
determining the amount of complement activation in the subject, whereby an elevated 
serum level of Factor B, elevated activity of Factor B or increased complement 
activation in the subject diagnose the subject as having a Factor B-mediated immune 
disease. 

17. A method of determining the efficacy of a treatment in a subject with Factor B- 
mediated immune disease, comprising measuring the serum level and activity of Factor 
B and determining the amount of complement activation, before and after the treatment, 
the lower the level of complement activation, the more effective the treatment. 

18. A transgenic mouse, comprising a mutation in the Fas gene and a mutation in the 
gene producing Factor B. 

19. The mouse of claim 18, wherein the mutant is the MRL-lpr Factor B knockout 
mouse. 

20. A method of determining the efficacy of treatment in and prognosis of a subject 
with Factor B-mediated immune disease, comprising measuring the serum level of C3, 
whereby a lower than normal serum level of C3 indicates a poor prognosis and lack of 
efficacy of treatment, and whereby a rising serum level of C3 from a lower than normal 
level to a nearly normal level of C3 indicates efficacy of treatment and an improving 
prognosis. 
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SEQUENCE LISTING 



<110> MUSC Foundation for Research Development 



GARY S. GILKESON 
HIROSHI WAT AN ABE 



<12 0> BLOCKING FACTOR B TO TREAT COMPLEMENT -MEDIATED IMMUNE DISEASE 



<130> 19113. 0074/P 

<150> 60/103,660 
<151> 1998-10-09 

<160> 8 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223>Description of Artificial Sequence : /Note = 
synthetic construct 

<400> 1 

ccgaagcatt cctatcctcc 20 

<210> 2 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223>Description of Artificial Sequence : /Note = 
synthetic construct 



<400> 2 

cgaatgggtg accgcttcc 19 

<210> 3 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223>Description of Artificial Sequence : /Note = 
synthetic construct 



<400> 3 

gtagtcttgt ctgctttctc c 



21 
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<210> 4 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223>Description of Artificial Sequence : /Note 
synthetic construct 

<400> 4 

aggttacaaa aggtcaccc 

<210> 5 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223>Description of Artificial Sequence : /Note 
synthetic construct 



<400> 5 

gatacgaaga tcctttcctg tg 

<210> 6 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223>Description of Artificial Sequence : /Note 
synthetic construct 



<400> 6 

caaacgcagt caaatctgct c 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223>Description of Artificial Sequence : /Note 
synthetic construct 

<400> 7 

gaagacgaca ttgaggccga ccacgtaggc 

<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223>Description of Artificial Sequence : /Note = 
synthetic construct 



<400> 8 

attggtagct ggggtggaat ttgacctctt 
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